Introduction {#Sec1}
============

In the recent past, non-fluoride-associated developmental defects of tooth enamel have been described with a host of terms such as: mottled enamel, non-endemic mottling of enamel, internal enamel hypoplasia, cheese molars, non-fluoride enamel opacities, opaque spots, and idiopathic enamel opacities (Weerheijm et al. [@CR33]). Much of this developmentally defective enamel would currently be identified as molar--incisor hypomineralisation (MIH). The term MIH was introduced in 2001 to describe demarcated, qualitative developmental defects of enamel, affecting one or more first permanent molars, with or without involvement of the incisor teeth, where individuals with affected permanent incisors are not assigned as having MIH unless associated with demarcated lesions in at least one of the first permanent molars (Weerheijm et al. [@CR33]). The given term represents an endeavour to unify research and help to build up a sound knowledge of the condition by clinicians. Researchers introduced the term molar hypomineralisation (MH), as a subset of MIH (Chawla et al. [@CR3]; Mangum et al. [@CR25]; Oliver et al. [@CR27]; The D~3~G website [@CR32]). Although the first permanent molars are the most commonly and severely affected hypomineralised teeth, these molars are incorporated in the definition of MIH. Further to this, due to the temporal association in coronal mineralisation of the second primary molar with that of the first permanent molar and incisors, diagnosis of MIH-like opacities in the second primary molars (SPM) affecting one to four second primary molars affects up to 9 % of SPM and has been denominated as hypomineralised second primary molar (HSPM) (Elfrink et al. [@CR6], [@CR7]; Ghanim et al. [@CR14]).

MIH defects can influence the general health and quality of life of an affected child, and its treatment is often challenging to both the patient and clinician (Jälevik and Klingberg [@CR19]). Affected teeth often develop advanced carious lesions and, therefore, require substantial restorative care and repeated treatments (Leppäniemi et al. [@CR22]; Ghanim et al. [@CR15]). Views of the oral healthcare providers from the European, Australian, New Zealand, South-east Asian, and Middle Eastern regions indicate that the clinical effect of MIH is increasing and poses a costly burden for public health (Weerheijm and Mejàre [@CR35]; Crombie et al. [@CR5]; Ghanim et al. [@CR12]; Bagheri et al. [@CR1]; Hussein et al. [@CR17]).

For patients and dental practitioners to apply appropriate measures to limit the effect of MIH and for policy makers to have a reliable picture of the defect characteristics in a specific population, the dynamics of MIH should be reflected in its assessment systems. A clinical evaluation guide for MIH based on scientific criteria was formulated and named the European Academy of Paediatric Dentistry (EAPD) judgment criteria (Weerheijm et al. [@CR34]). Although the established criteria were used extensively, prevalence rates of MIH reported in epidemiological studies still differ considerably. This could be an actual difference secondary to socio-behavioural, environmental, and genetic factors of the studied populations; on the other hand, it drives advocacy for the conduct of further studies with more standardised protocols and study design (Elfrink et al. [@CR8]).

Recently, a workshop on MIH was held in association with the 12th EAPD Congress in Sopot, Poland, 2014. Pitfalls of the available scholarly literature regarding MIH epidemiology were reiterated, and suggestions were given to underpin and broaden the scope of future research and to enhance the optimal use of the established EAPD guidelines for MIH data in epidemiological surveys. A consensus reached by the workshop experts and participants was that there is a need to develop a data collection instrument for summarising clinical data gleaned from field examinations (Elfrink et al. [@CR8]). Consequently, in the present manuscript, we propose that unified, practical scoring forms for the classification and diagnosis of MIH in clinical practice as well as epidemiological surveys should be used. The scoring sheets classify MIH defects on the basis of their clinical visual appearance. Ideally, the charting forms aim to achieve maximum data recording whilst remaining sensitive to the severity of the defect, where severity is represented by both the stage of visible enamel destruction and the amount of tooth surface area affected (i.e. lesion clinical status and extent, correspondingly), and would be most suitable for longitudinal as well as cross-sectional epidemiological and clinic-based studies.

Description of the proposed charting method {#Sec2}
===========================================

The proposed charting method integrates the elements of the EAPD criteria and the modified index of developmental defects of enamel (mDDE index) for grading the clinical status of MIH and its extent on the involved tooth surface as well as other enamel defects. In order to take into account the varied needs and objectives of studies, two forms of the chart are proposed, a short form for simple screening surveys and a longer form for more detailed, community-based or clinic-based studies. In both forms, EAPD criteria emerged as the key elements reflecting the theme of charting. The short data set form is designed to grade only index teeth which have been mentioned in the definition of MIH and HSPM, namely first permanent molars, permanent incisors, and second primary molars (hereafter termed FPM, PI, and SPM, respectively).

Due to the available evidence on the involvement of other teeth with demarcated hypomineralisation defects (Suckling et al. [@CR31]; Kukleva et al. [@CR20]; Soviero et al. [@CR30]; Seow et al. [@CR29]; Leen [@CR21]), the long data set form is formulated to diagnose all teeth at surface level available at the time of the dental examination in addition to MIH/HSPM-specific index teeth. However, the terms MIH and HSPM should not be applied to teeth other than FPM and PIs, and SPM, respectively. The following sections describe, in detail, definitions of terms used in the charting format, differential diagnosis of MIH from other enamel lesions, grading criteria and special considerations to be taken into account for the purpose of charting.

Definition of non-MIH/HSPM enamel lesions used in the charting forms {#Sec3}
--------------------------------------------------------------------

*Diffuse opacity* A defect involving an alteration in the translucency of the enamel, variable in degree. The defective enamel is of normal thickness, at eruption, has a relatively smooth surface and is white in colour. It can have a linear, patchy or confluent distribution, but there is no clear boundary with the adjacent normal enamel (Federation Dentaire International (FDI) [@CR9]).

*Hypoplasia* A defect involving the surface of the enamel and associated with a reduced localised thickness of enamel. It can occur according to the analysis described by Federation Dentaire International (FDI) published in [@CR9] as: Pits: tiny areas of enamel loss, which could be single, multiple, shallow or deep, scattered or in rows.Grooves/linear: single or multiple, narrow or wide (maximum 2 mm) grooves of enamel loss.Area: partial or complete absence of enamel over a considerable area of a tooth crown.

*Amelogenesis imperfecta (AI)* Refers to a range of enamel malformations, genomic in origin, and include variations in thickness (hypoplasia), smoothness and hardness (hypocalcification and hypomaturation), or a combination of these (Crawford and Aldred [@CR4]).

*Hypomineralisation defect (non-MIH/HSPM)* Includes MIH/HSPM-like demarcated defects diagnosed in primary or permanent teeth other than MIH/HSPM index teeth, where the timing of their coronal mineralisation is not concomitant with that of the index teeth or the source of demarcated hypomineralisation could be due to local causes rather than aetiological factors of systemic origin \[e.g. trauma and infection of the primary predecessors (Lo et al. [@CR23]; Broadbent et al. [@CR2])\].

A developmental defect known as Turner's tooth is an example for this category; it shows variable appearance that can be seen as a mixture of change in appearance and loss of enamel substance in permanent teeth and usually affects only one tooth in the dentition, mainly premolar teeth (secondary to infected primary molars) and permanent central incisors (secondary to injury to the primary incisors) (Broadbent et al. [@CR2]; Geetha Priya et al. [@CR11]) (Fig. [1](#Fig1){ref-type="fig"}). On the other hand, permanent canines may exhibit demarcated lesions consistent with the clinical appearance of MIH at their tips as mineralisation of this area occurs at a similar time to that of permanent index teethy. However, the defect could be still due to periapical inflammation in their predecessors and canines have not been included in the established MIH definition; hence, it should be classified under non-MIH/HSPM hypomineralisation defect.Fig. 1Radiographical and clinical images showing malformed crown of mandibular *left* first premolar (Turner's tooth). Photo courtesy of Weerheijm K and Elfrink M

### Differential diagnosis {#Sec4}

With regard to the above-mentioned definitions, differential diagnosis of demarcated hypomineralisation lesions from other enamel defects that occur during amelogenesis is essential to avoid misdiagnosis and ensure best management of individuals with MIH. In contrast to diffuse opacities, intact hypomineralised defects in MIH are demarcated opacities that have clear borders with apparently sound enamel unlike the irregular, diffuse hypomineralisation observed in fluorosis. Demarcated opacities usually occur in isolated teeth and are relatively caries prone, whilst diffuse opacities may affect all teeth with bilateral symmetry and the structure of the enamel is relatively caries resistant.

Hypoplasia, alternatively, may be difficult to distinguish from lost enamel substance resulting from MIH, mainly when hypomineralisation exists with the hypoplastic lesions. Nevertheless, in hypoplasia, the borders to the normal enamel are mostly regular and smooth, whereas in MIH-associated-enamel substance loss, the enamel edges are sharp and irregular where the enamel has chipped off. The use of a periodontal probe can help to confirm the visual assessment by running it gently across the margins of the defect.

Differentiating AI and MIH, can be difficult in severe MIH cases, where the molars are equally affected and mimic the appearance of AI. Nonetheless, in MIH, the appearance of the defects is more asymmetrical, whilst in AI, all permanent and primary teeth tend to be affected (i.e. generalised involvement). There are specific characteristics pertaining to individual presentations of AI, such as taurodontic molars or an anterior open bite. Moreover, family history and history of systemic disorders/illnesses are still crucial discriminative factors (Weerheijm [@CR36]; Crawford and Aldred [@CR4]).

Further to this, carious white spot lesions may occasionally be mistaken for demarcated enamel lesions. The actual distinction between them can be made possibly on the basis of their definitions. A white spot lesion represents the early clinical stages of dental caries. It is marked by having a chalky, opaque appearance and irregular surface. The initial carious lesions on smooth surfaces are found where plaque accumulates, close to contact areas adjacent to the cervical margins of the tooth, and around the gingival margins, areas where enamel hypomineralisation rarely occurs (Seow [@CR28]).

Recording criteria and charting forms {#Sec5}
-------------------------------------

The charting format comprises two main sections associated with the assessment of the visual clinical presentation of enamel lesions (clinical status criteria) and the size of the tooth surface area affected by the lesion (lesion extension criteria), and a minor section concerned with tooth eruption status (eruption status criteria). Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"} show short and long formats of the charting sheet. The diagram illustrated in Fig. [2](#Fig2){ref-type="fig"} will assist the examiner in deciding on the appropriate coding of MIH/HSPM and other enamel defects.Table 1MIH/HSPM clinical data recording sheet---first permanent molars, permanent incisors, and second primary molars (short form)Table 2MIH/HSPM clinical data recording sheet---permanent and primary dentitions (long form)Fig. 2Flow chart demonstrating the recommended sequence for diagnosis of MIH/HSPM and other enamel defects

### Recording criteria per eruption status (eruption status criteria) {#Sec6}

*Unerupted or partially erupted (code A)* Not visible or less than 1/3 of the occlusal surface or of the crown length of incisor is visible. Otherwise, the tooth/tooth surface is considered as: *Fully erupted/almost fully erupted* Fully erupted or at least 1/3 but less than the total occlusal surface erupted and/or less than the total crown length of the incisor visible.

### Recording criteria per clinical presentation (clinical status criteria) {#Sec7}

Summary of the definitions and scores for both short and long forms are elucidated in Table [3](#Tab3){ref-type="table"}. Table 3Codes and definitions of the clinical status of enamel defects for the short and long data set forms

### Recording criteria per MIH/HSPM lesion extent (lesion extension criteria) {#Sec8}

The extent of the defect in a tooth is measured by the surface area of the enamel affected as follows: *code I:* less than 1/3 of the tooth surface involved; *code II:* at least 1/3 but less than 2/3 of the tooth surface involved; *code III:* at least 2/3 of the tooth surface involved. The total area affected is to be related to the total visible tooth surface area.

Notes on the recording and coding of data {#Sec9}
-----------------------------------------

The following considerations are applicable on both short and long data set sheets. Table [4](#Tab4){ref-type="table"} describes further instructions in question/answer format to be considered individually for each data set sheet.Table 4Long and short charting forms: individual considerationsQuestionShort charting formLong charting formWhat tooth should be scored?Confine scoring to MIH/HSPM index teeth only (i.e. FPMs, PIs, and SPMs)Include all teeth present in the mouth at the time of the examinationShould scoring be on tooth level or surface level?Scoring is made on tooth level. Inspect three surfaces (buccal/labial, lingual/palatal, and occlusal/incisal) and score the most severe lesion as a tooth scoreScoring is made on surface level. For each tooth, examine three surfaces (buccal/labial, lingual/palatal, and occlusal/incisal) and score them separatelyWhen two different teeth occupy the same space, which tooth should be scored?Not applicableWhen both a primary and permanent tooth occupy the same space, only the permanent tooth is codedHow would an incisal edge be scored?Not applicableFor MIH/HSPM lesions involving incisal surfaces, it is uncommon to see the incisal edge only involved; therefore, score the labio-incisal (labial) and palato/lingual-incisal (palatal/lingual) surfaces as normal and assign the incisal surface the most severe scoreShould colour of demarcated opacities be scored?No need to assign the colour of the opacity. Only write code 2.Assign colour of the opacity either as creamy/white or as yellow/brown (codes 21 or 22, respectively).Which enamel defect is to score?All enamel defects other than MIH/HSPM are combined in one group and given code 1Split into main groups either as diffuse opacities, hypoplasia, AI, or non-MIH/HSPM hypomineralisation defect. (codes 11; 12; 13; 14, respectively). No detailed description per group is requiredHow lesion extent should be scored?Extent of the lesion is scored on tooth levelExtent of the lesion is scored on surface levelHow do I know which tooth I scored?Not applicableIn the charting sheet, place a circle around the tooth number you scoreWhich teeth should be assigned the principal codes?Not applicableClinical status criteria: codes 2--6 to be used for MIH/HSPM index teeth only (i.e. FPM, PIs, and SPM). Code 14 should be assigned to any tooth other than index teeth when MIH/HSPM-like opacities are diagnosed. Codes (0, 11, 12, 13) are applicable on both index and non index teethA child is deemed to have MIH/HSPM when at least one FPM or one SPM is diagnosed with MIH/HSPM.Individuals with affected PIs cannot be assigned as having MIH unless associated with demarcated lesions in at least one of the FPMs.Only score a tooth/tooth surface if 1/3 or more of the tooth/tooth surface is visible. Otherwise, indicate it as code A and no need to proceed with the codes for the clinical status and the extent.An enamel defect of one millimetre or less in diameter is considered as sound.If the examiner is in doubt that the enamel is defective or falls within the range of normal, the tooth/tooth surface should be scored as defect-free.Similarly, when uncertainty exists regarding rating MIH/HSPM lesion severity (i.e. clinical status and extent), the less severe rating is to be recorded.When more than one MIH/HSPM lesion exists per tooth (for example, creamy and brown opacities), the more severe rating is to be recorded.If MIH/HSPM is diagnosed, all surfaces restored with full coverage should be coded as atypical restoration.Assign post-eruptive enamel breakdown (PEB) (code 3) in instances where atypical restoration has been lost and no carious cavities exist.Other causes of absence of a MIH/HSPM index tooth including congenitally missing, traumatic injury, extraction due to orthodontic reasons, due to dental caries as a primary cause, or due to normal exfoliation (for the SPM) should not be considered as missing due to MIH/HSPM.Lesion extent: record extent for MIH/HSPM lesions only. When more than one MIH/HSPM lesion exists per tooth or per surface, visually combine all areas affected by the lesion.Sequence of recording: the clinical status code first and lesion extent second (if required). Use punctuation mark "," to separate between digits. For example, an index tooth more than 1/3 erupted which also exhibits white creamy opacities that cover less than 1/3 of the tooth surface is scored as: (short form charting: 2, I); (long form charting: 21, I). If non-MIH/HSPM lesions diagnosed together with MIH/HSPM, score the non-MIH/HSPM first. For example, a completely erupted index tooth which presented with diffuse opacities and yellow brown demarcated opacities which cover more than two-thirds of a tooth surface is scored as (short form charting: 1, 2, III); (long form charting: 11, 22, III).

Figure [3](#Fig3){ref-type="fig"} illustrates clinical examples of the different visual presentations of demarcated hypomineralised lesions in MIH/HSPM index teeth and other teeth. The figure also includes other enamel defects in order to help the examiners to distinguish between MIH/HSPM and other enamel disturbances.Fig. 3Various types and categories of enamel defects recommended for use as reference photographs with long and short charting formats. Photos courtesy of Weerheijm K, Lim J, Owen M, Ghanim A, Leen A and Cochrane N

Discussion {#Sec10}
==========

As has been the case with research on dental caries, periodontal disease, and recently with dental erosion, the accumulation of a body of epidemiological data from different populations might provide new insights into the factors influencing the trends in the prevalence of MIH. This is only possible, however, if the data are collected and reported using methods which are sufficiently similar to allow direct and valid comparison between the populations studied. The concept behind the proposed charting method is to lead to the accrual of better quality information to inform decisions about appropriate diagnosis and prognosis at both the individual and population levels.

Both the long and short charting forms allow extraction of more information from the data by expanding into sub-categories, including information on tooth eruption status, lesion status, and tooth surface area affected; this can give suggestive information about contrasting patterns of the MIH defects among different populations or subset of such. Other tooth abnormalities namely hypoplasia, diffuse opacities, and AI which are clinically identical to MIH may also occur during amelogenesis and can be readily misdiagnosed as MIH. Hence, assigning these defects as present or absent allows their distinction from MIH and is not time-consuming as no details about the defects are collected.

It is believed that the inclusion of teeth with less than 1/3 of the crown erupted will not address the problem of the potentially affected, unerupted teeth nor allow full information for the lesion status (Fteita et al. [@CR10]; Muratbegović et al. [@CR26]). More appropriate results, therefore, can be achieved by including teeth with at least 1/3 or more of the crown erupted rather than including only fully erupted teeth, where the latter may result in higher prevalence estimations. Moreover, only defects which are greater than 1 mm in diameter are recommended to be reported (Lygidakis et al. [@CR24]).

The proposed charting formats can be used in a flexible manner, depending on the investigator's particular requirements. The short charting form provides a "snapshot" of the demarcated enamel defect and the characteristics associated with it by including MIH/HSPM index teeth only in the examination. Even though these are not the only teeth affected but the most frequently involved teeth, further investigation on their distribution in different communities using standardised protocol is required. On the other hand, as the origin of demarcated hypomineralised defects is systemic in nature, the environmental factors which have been postulated as contributing to or causing MIH/HSPM may also exist during the maturation process of other teeth developing at different times than the index teeth. This has been denoted earlier by the EAPD committee that FPMs and PIs are not the sole teeth that can be hypomineralised. Accordingly, the long charting form allows examination of the entire dentition that presents at the time of examination in an attempt to give insight about the distribution of MIH/HSPM-like lesions in teeth other than the index teeth. Particularly, if the distribution could be linked to the identification of the predisposing factors, it may allow determination of the aetiological factors of MIH and may assist in implementing strategies to limit its occurrence or even to prevent it.

The extent of the defect by tooth surface area can be a useful measurement tool for severity increment as it reflects defect severity in several ways. For example, it has been reported that the increased extent of the defect area was associated significantly with an increased number of affected FPMs, enamel disintegration, as well as increased carious lesion severity (Ghanim et al. [@CR13], [@CR15], [@CR16]). Therefore, the proposed method allows assessment for the progressive condition of MIH and thereby the threat to health of the dentition. Furthermore, the charting forms can be used for a range of ages sufficiently wide to determine the prevalence of MIH/HSPM on early and late erupting teeth and changes over time.

Despite caries associated with hypoplasia being widely described in the literature, caries induced by MIH has not been described particularly as a discrete entity (referred to here as atypical caries). There is a growing interpretation that caries risk is the primary incentive for studying MIH, but dental caries has hardly ever been highlighted in a significant majority of the recorded epidemiological studies (Elfrink et al. [@CR6]; Ghanim et al. [@CR15]). Therefore, simultaneous assessment of dental caries experience with demarcated lesions distribution is encouraged strongly in future research.

Assessment of caries experience is not only required for MIH/HSPM index teeth, but a full mouth assessment is essential. This is in order to minimise the possible confusion in children with severe caries between lost enamel substance resulting from hypomineralisation as a primary cause compared to severe caries as a primary cause, so that optimal treatment options can be determined. It is recommended that the International Caries Detection and Assessment System (ICDAS II) for caries diagnosis is used (International Caries Detection and Assessment System (ICDAS II) [@CR18]).

The ICDAS II can provide a detailed description of the caries pattern through categorising carious lesions into stages, allowing a more accurate picture of MIH--caries relationship to be determined. The ICDAS e-learning course is available at "<https://www.icdas.org/elearning-programmes>" for training and standardisation exercises on using its scoring criteria and recording sheets.

The proposed MIH scoring method in its current format has not been validated, nor has reliability testing been assessed nor have data been presented using this method. Whether the objectives of the charting method could be achieved can only be decided from the experience of field testing. Validating and testing the method's reliability have been initiated. Further refinement of the categories is to be undertaken and tested, where applicable to suit specific investigations.

Conclusions {#Sec11}
===========

The use of the proposed scoring method enables the total spectra of MIH to be determined. This is considered an advantage over the use of the current EAPD guidelines and mDDE index individually. The use of the proposed method should be field-tested in different age groups and different countries. Validation of the method and determination of its reliability in different population groups are required.
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